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ELECTRICAL DEVICES AND METHODS OF MANUFACTURE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent
Application No. 62/835,357, filed April 17, 2019, and titled ELECTRICAL DEVICES.
The entirety contents of the above-identified application are hereby incorporated by
reference herein and made part of this specification for all that they disclose.
BACKGROUND

Field of the Disclosure

[0002] Some embodiments disclosed herein relate to methods for making
electrical devices, such as for embedding circuitry, such as into a printed circuit board
(PCB), and resulting electrical devices.

Description of the Related Art

[0003] Although there are several potential methods of embedding a die or
other circuitry into a printed circuit board (PCB), there remains a need for improved
techniques for embedding circuitry into a PCB.

SUMMARY

[0004] Certain example embodiments are summarized below for illustrative
purposes. The embodiments are not limited to the specific implementations recited
herein. Embodiments may include several novel features, no single one of which is solely
responsible for its desirable attributes or which is essential to the embodiments.

[0005] Various embodiments disclosed herein can relate to methods of making
an electrical device. The method can include coupling a first frontside conductive layer to
a front side of an integrated circuit die. The front side of the integrated circuit die can
have one or more frontside contacts. The method can include forming one or more holes
through the first frontside conductive layer at one or more locations over the one or more
frontside contacts, and applying a conductive material into the one or more holes through
the first frontside conductive layer to electrically couple the first frontside conductive
layer to the frontside contacts of the integrated circuit die. The method can include
forming a circuit pattern in the first frontside conductive layer. The method can include
forming one or more conductive raised portions on the frontside conductive layer,

applying a second frontside conductive layer over the first frontside conductive layer, with
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an insulating material between at least portions of the first frontside conductive layer and
the second frontside conductive layer. The method can include forming one or more
holes through the second frontside conductive layer at one or more locations over the one
or more conductive raised portions and applying a conductive material into the one or
more holes through the second frontside conductive layer to electrically couple the second
frontside conductive layer to the one or more raised formations. The method can include
forming a circuit pattern in the second frontside conductive layer.

[0006] The method can include applying a backside conductive layer over the
back side of the integrated circuit die. The backside conductive layer and the first
frontside conductive layer can both extend laterally past an edge of the integrated circuit
die. An insulating spacer can be next to the integrated circuit die and between the first
frontside conductive layer and the backside conductive layer. The method can include
forming one or more holes through the backside conductive layer, through the spacer, and
at least to the first frontside conductive layer, and applying a conductive material into the
one or more holes to electrically couple the first frontside conductive layer to the backside
conductive layer. Applying the conductive material into the one or more holes can
include forming one or more barrel plated vias. The method can include forming a circuit
pattern in the backside conductive layer.

[0007] The method can include applying a first backside conductive layer over
a back side of the integrated circuit die. The back side of the integrated circuit die can
include one or more backside contacts. The method can include forming one or more
holes through the first backside conductive layer at one or more locations over the
backside contacts and applying a conductive material into the one or more holes through
the first backside conductive layer to electrically couple the first backside conductive
layer to the backside contacts of the integrated circuit die. The method can include
forming a circuit pattern in the first backside conductive layer. The method can include
forming one or more conductive backside raised portions on the backside conductive
layer, and applying a second backside conductive layer over the first backside conductive
layer, with an insulating material between at least portions of the first backside conductive
layer and the second backside conductive layer. The method can include forming one or
more holes through the second backside conductive layer at one or more locations over
the backside conductive raised portions, and applying a conductive material into the one

or more holes through the second backside conductive layer to electrically couple the
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second backside conductive layer to the backside raised formations. The method can
include forming a circuit pattern in the second backside conductive layer.

[0008] The second backside conductive layer and the first frontside conductive
layer can both extend laterally past an edge of the integrated circuit die. An insulating
spacer can be next to the integrated circuit die and between the first frontside conductive
layer and the second backside conductive layer. The method can include forming one or
more holes through the second backside conductive layer, through the spacer, and at least
to the first frontside conductive layer, and applying a conductive material into the one or
more holes to electrically couple the first frontside conductive layer to the second
backside conductive layer. One or more frontside contacts on the integrated circuit die
can be electrically accessible from a portion of the second frontside conductive layer.
One or more frontside contacts on the integrated circuit die can be electrically accessible
from a portion of the second backside conductive layer. One or more backside contacts
on the integrated circuit die can be electrically accessible from a portion of the second
frontside conductive layer. One or more backside contacts on the integrated circuit die
can be electrically accessible from a portion of the second backside conductive layer. The
spacer comprises can be pre-preg. The spacer can include fill and flood material. The
integrated circuit die can include a redistribution layer. The integrated circuit die can
include a passivation material. The method can include applying filler material to
underfill between the integrated circuit die and the first frontside conductive layer, and
applying additional filler material to flood the area around the integrated circuit die.
Forming the one or more holes through the first frontside conductive layer and forming
the circuit pattern in the front frontside conductive layer can be performed by the same
etching pass. Forming the one or more holes through the first frontside conductive layer
and forming the circuit pattern in the front frontside conductive layer can be performed by
different etching passes. The method can include cleaning the holes. The method can
include processing a panel of electrical devices and singulating the electrical device from
the panel. The method can include coupling passive electrical components on one side of
the electrical device, and input or output contact pads can be disposed on another side of
the electrical device. The electrical device can be a chip-embedded power converter.

[0009] Various embodiments disclosed herein relate to an electrical device

made by the any of the methods disclosed herein.
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[0010] Various embodiments disclosed herein relate to electrical devices. The
electrical device can include a die that can have electrical circuitry and one or more
contacts on a first side for sending or receiving signals to or from the electrical circuitry.
A first conductive layer can be over the first side of the die and can be electrically coupled
to the one or more contacts. Insulating gaps in the first conductive layer can provide a
first circuit pattern. One or more conductive standoffs can be over the first conductive
layer and can be electrically coupled to one or more portions of the first conductive layer.
A second conductive layer can be over the one or more conductive standoffs. One or
more portions of the second conductive layer can be electrically coupled to the one or
more conductive standoffs. Insulating gaps in the second conductive layer can provide a
second circuit pattern.

[0011] The device can include insulating material between the first conductive
layer and the second conductive layer and next to the one or more conductive standoffs.
The insulating material can extend into a portion of the area between the second
conductive layer and the one or more conductive standoffs. A portion of insulating
material can be between the one or more conductive standoffs and the second conductive
layer. There can be one or more openings through the portion of insulating material. The
one or more openings can include conductive material to electrically couple the one or
more conductive standoffs to the second conductive layer. The one or more standoffs can
have a first area, and the one or more openings can have a second area that is smaller than
the first area. In some embodiments, one of the conductive standoffs can have a first area,
and the conductive standoff can be electrically coupled to the second conductive layer at a
second area that is smaller than the first area. The one or more conductive standoffs can
be plated onto the first conductive layer.

[0012] The electrical device can include a third conductive layer over a second
side of the die. Insulating gaps in the third conductive layer can provide a third circuit
pattern. The first conductive layer and the third conductive layer can both extend laterally
past an edge of the die. An insulating spacer can be next to the die and between the first
conductive layer and the third conductive layer. One or more holes can extend through
the third conductive layer, through the spacer, and at least to the first conductive layer.
The one or more holes can include a conductive material to electrically couple the first

conductive layer and the third conductive layer. At least one of the one or more contacts
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on the first side of the die can be electrically accessible from a portion of the third
conductive layer on the second side of the die.

[0013] The electrical device can include a third conductive layer over a second
side of the die and the third conductive layer can be electrically coupled to one or more
contacts on the second side of the die. Insulating gaps in the third conductive layer
provide a third circuit pattern. One or more additional conductive standoffs can be over
the third conductive layer and can be electrically coupled to one or more portions of the
third conductive layer. A fourth conductive layer can be over the one or more additional
conductive standoffs. One or more portions of the fourth conductive layer can be
electrically coupled to the one or more additional conductive standoffs. Insulating gaps in
the fourth conductive layer can provide a fourth circuit pattern. Insulating material can be
between the third conductive layer and the fourth conductive layer and next to the one or
more additional conductive standoffs. An insulating spacer can be next to the die and
between the first conductive layer and the fourth conductive layer. The first conductive
layer and the fourth conductive layer can both extend laterally past an edge of the die.
There can be one or more holes through the fourth conductive layer, through the spacer,
and at least to the first conductive layer. The one or more holes can include a conductive
material to electrically couple the first conductive layer and the fourth conductive layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Certain embodiments will be discussed in detail with reference to the
following figures, wherein like reference numerals refer to similar features throughout.
These figures are provided for illustrative purposes and the embodiments are not limited
to the specific implementations illustrated in the figures.

[0015] Figure 1 shows a perspective view of an example embodiment of a die,
which can include an integrated circuit (IC) or other circuitry.

[0016] Figure 2 is a cross-sectional view of an example embodiment of a die.

[0017] Figure 3 shows the conductive layer with glue applied thereto.

[0018] Figure 4 shows multiple dies placed face down onto glue on a
conductive layer.

[0019] Figure 5 shows a cross-sectional view of an example embodiment of a
die attached to a conductive layer for form a partially manufactured assembly.

[0020] Figure 6 shows a cross-sectional view of an example embodiment of an

assembly with two conductive layers.
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[0021] Figure 7 shows a cross-sectional view of an example embodiment of an
assembly with holes formed in a front conductive layer.

[0022] Figure 8 shows a cross-sectional view of an example embodiment of an
assembly with holes formed in a back conductive layer.

[0023] Figure 9 shows a cross-sectional view of an example embodiment of an
assembly with holes filled to provide electrical connection to the die.

[0024] Figure 10 shows a cross-sectional view of another example
embodiment of an assembly with holes filled to provide electrical connection to the die.

[0025] Figure 11 shows a cross-sectional view of an example embodiment of
an assembly with a circuit pattern.

[0026] Figure 12 shows a perspective view of an example embodiment of an
assembly with a circuit pattern formed in a front conductive layer.

[0027] Figure 13 shows a cross-sectional view of an example embodiment of
an assembly with conductive raised portions formed on portions of the conductive circuit
pattern.

[0028] Figure 14 shows a perspective view of an example embodiment of an
assembly with conductive raised portions formed on portions of the conductive circuit
pattern.

[0029] Figure 15 shows a cross-sectional view of an example embodiment of
an assembly with additional front and back conductive layers applied thereto.

[0030] Figure 16 shows a cross-sectional view of an example embodiment of
an assembly with holes formed in the additional front and back conductive layers.

[0031] Figure 17 shows a cross-sectional view of an example embodiment of
an assembly with the holes filled with conductive material.

[0032] Figure 18 shows a cross-sectional view of an example embodiment of
an assembly with a conductive pattern or contact portions formed in the outer conductive
layers.

[0033] Figure 19 shows multiple dies placed face down onto a conductive
layer and surrounded by a fill material.

[0034] Figure 20 shows a perspective view of an example embodiment of an
assembly where the opening and conductive pattern were formed by the same etching

operation.
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[0035] Figure 21 shows a cross-sectional view of an example embodiment of
an assembly with an inner conductive layer and two outer conductive layers.

[0036] Figure 22 shows a cross-sectional view of another example
embodiment of an assembly with an inner conductive layer and two outer conductive
layers.

[0037] Figure 23 shows a cross-sectional view of another example
embodiment of an assembly with an inner conductive layer and two outer conductive
layers.

[0038] Figure 24 shows a cross-sectional view of an example embodiment of
an assembly in which portions of the inner conductive layer and two outer conductive
layers are electrically coupled.

[0039] Figure 25 shows a perspective view of an assembly with openings
formed in an outer front conductive layer.

[0040] Figure 26 shows a perspective view of an assembly with a conductive
patter formed in the outer back conductive layer.

[0041] Figure 27 shows a perspective view of an assembly with holes formed
in the back side, such as from drilling.

[0042] Figure 28 shows a perspective view of an assembly with the holes
partially filled to form barrel vias.

[0043] Figure 29 shows a back perspective view of an assembly with an
inductor and two capacitors coupled thereto.

[0044] Figure 30 shows a front perspective view of an assembly with an
inductor and two capacitors coupled thereto.

[0045] Figure 31 is a cutout perspective view of an example embodiments of
an assembly with embedded circuitry.

[0046] Figure 32 shows a cross-sectional view of an example embodiment of
an assembly with an die that has four contacts.

[0047] Figure 33 shows a cross-sectional view of an example embodiment of
an assembly with front and back conductive layers.

[0048] Figure 34 shows a cross-sectional view of an example embodiment of
an assembly with a die that has contacts on both the front and back sites, and with inner
and outer conductive layers on both the front and back sides, and with standoffs between

the inner and outer conductive layers.
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[0049] Figure 35 shows a perspective view of an example embodiment of an
assembly with openings formed on the back outer conductive layer.

[0050] Figure 36 shows a perspective view of an example embodiment of an
assembly with holes drilled into the back side.

[0051] Figure 37 shows a cross-sectional view of an example embodiment of
an assembly where the standoffs electrically couple the outer conductive layer to the inner
conductive layer, on both the front and back sides, and wherein the drilled holes have
conductive material to electrically couple portions of conductive layers.

[0052] Figure 38 shows a cross-sectional view of another example
embodiment of an assembly where the standoffs electrically couple the outer conductive
layer to the inner conductive layer, on both the front and back sides, and wherein the
drilled holes have conductive material to electrically couple portions of conductive layers.

[0053] Figure 39 shows a detailed partial cross-sectional view of an example
embodiment of an assembly similar to Figure 38.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

[0054] There are several potential methods of embedding a die or other
circuitry into a printed circuit board (PCB). Various embodiments disclosed herein (e.g.,
sometimes referenced as ‘“touch technology”) can be different from conventional
approaches, such as in the connection between the die and the package. In some
technologies the die can be embedded in a way such that a relatively thick dielectric layer
is present between the layers of the PCB. The layers can then be connected by vias, which
can be drilled and plated between these layers. In some cases, the vias can be laser drilled
micro-vias. In some embodiments, micro-vias are not used. Some embodiments
disclosed herein can use existing profiles or can use created raised profiles to contact or
come in near proximity to the conductive material (e.g., copper foil) of the next layer.

[0055] Using touch technology, it is possible to avoid or at least reduce
drilling processing. This can make the manufacturing process simpler and potentially
cheaper. It can also have a benefit in performance with larger cross-section connections
between layers. This improvement in connection area can result in lower parasitic losses
in the electrical connections and/or better thermal performance. The connection between
a die RDL (Redistribution Layer) and the other inner layers can be designed and finished
in a way that allows them to actually touch the layer above them. Although in some cases

this does not actually result in a good electrical connection, it can mean that the distance

-8-



WO 2020/214857 PCT/US2020/028585

between the layers is extremely small, which can remove the need to bore down to each
layer, and can allow a via to be created by etching a hole in the conductive material (e.g.,
copper) above the required connection, for example. In some implementations, there can
be one more places that requires vias created with a drilling process, such as where the
connection needs to span the die thickness. Embodiments disclosed herein can reduce the
drilling operations, which can be a sequential process rather than a batch process, and can
be a big benefit for production speed and cost.

[0056] Production can be carried out in a panel format. An example format
for PCB production is 600mm x 600mm and a panel of this size can be considered for
production of this technology, although various different sizes and production techniques
can be used. The panel can be broken into smaller sub-panel sizes within the panel, such
as to allow for more accurate processing within that sector of the panel. Various drawings
herein are shown at the device level to allow enough illustrated detail, although during
processing it can be processed in a panel. In some drawings, a panel or partial panel (e.g.,
a small 23mm x 23mm panel section) is shown, while a full-size production panel could
be much larger or smaller. The panel can be broken into smaller areas for alignment
purposes, e.g., perhaps 100mm x 100mm, and alignment marks can be applied that may
be referenced throughout the build.

[0057] Various different designs can be used, such as having different
numbers of layers (e.g., 3 layers or 4 layers or other numbers of layers). For example, a 3
layer version can be used for devices where only one side of the device is connected, such
as a monolithic integrated circuit (IC) device, or lateral power devices, or a gallium nitride
(GaN) device, or an enhanced gallium nitride (eGaN) device. A 4 layer version can be
used for devices where both sides of the die are connected. For example, a 4 layer version
can be a discrete vertical device such as a power MOSFET or multi-die products, where
dies can be mounted facing opposite directions from each other. In some cases, a
conductive material can couple to a back side of the die (e.g., using a 4 layer design) to
increase thermal conductivity, which can facilitate cooling of the die or other circuitry.
The backside contacts can be used to send or receive signals or power, etc. similar to the
frontside contacts. Various other designs are possible.

Example 4 Layer Design

[0058] Figure 1 shows a perspective view of an example embodiment of a die

100, which can include an integrated circuit (IC) or other circuitry. Figure 2 is a cross-
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sectional view of the die 100. The die 100 can include silicon or other semiconductor
components, for example. The die 100 can include contacts 102, which can provide
inputs to the IC or circuitry of the die 100 or can provide outputs from the IC or circuitry
of the die 100. In some embodiments, a passivation layer 104 or material can be applied
to one side of the die 100, to both sides of the die 100, or any other suitable portions of
the die 100. An organic passivation system or layer 104 can be used, such as polyimide.
An RDL (Redistribution Layer) 106 can include copper, although other suitable
conductive materials could be used. In some embodiments, portions of the RDL 106 can
sit over portions of the passivation layer 104. The RDL 106 can have dips (e.g., Sum
dips, although other sizes can be used depending on the thickness of the polyimide or
other passivation layer). The copper of the RDL 106 can have dips, for example as a
result of the passivation layer 104 (e.g., polyimide). For example, the polyimide or other
passivation layer 104 can be about Sum thick, although other thickness and other
configurations are possible (e.g., about 2um to about 10um). The RDL 106 can align
with holes in the passivation layer 104, so that an inner portion of the RDL 106 is in the
passivation layer hole (e.g., in direct contact with the die 100), and an outer portion of the
RDL 106 is over the passivation material 104. The RDL 106 can be the highest surface(s)
of the die 100. The RDL 106 can be flat or with the dips due to the copper forming over
the openings in the passivation layer 104 (e.g., polyimide). The RDL 106 can cover
discrete portions, and can form the contacts 102 for the die 100, in some embodiments. In
some cases, multiple contacts 102 can be electrically coupled, such as by joining RDL
material. Multiple contacts 102 an be electrically isolated so that independent electrical
signals can be delivered to or from the isolated contacts 102. Various types of dies 100
can be used, which in some cases do not include the passivation layer 104 or the RDL
106.

[0059] A conductive layer 108 can be applied to the die 100, such as on a front
side, or over the RDL 106. For example, a conductive (e.g., copper) foil 108 can be
printed with a glue 110. Figure 3 shows the conductive layer 108 with glue 110 applied
thereto. The foil 108 can be very thin, such as having a thickness of about 15um, or about
10-40pm, or about 5-60um, although other thicknesses could be used. The glue 110 can
have a pattern of apertures that can align with or match the contact 102 (e.g., the RDL
portions 106), or to align with the vias that can be etched down to the RDL 106 or other

die contacts at a later stage. The glue 110 may be a standard thermal curing epoxy, or any
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other suitable adhesive. A glue material containing a UV acrylate system can allow the
material to be processed with photoimaging technology, which can result in better
aperture control and accuracy, as compared to some embodiments that use other types of
glue. Another option may be to use a drop-on-demand (e.g., inkjet) technique or device.
The material for a jetting type process can be an acrylate based system (e.g., which can
allow low viscosities such as with 100% solids). The glue material 110 can benefit from
being very thin and can have a thickness in the range of about 10-15um, or about 5-30pm
after drying or stage curing, although other thicknesses and other configurations are
possible. Regarding stage curing, drop on demand acrylates can be partially cured after
depositing, such as using UV light (fixing). The levels, types and UV power can cure the
material from a low level to a fully cured state.

[0060] The dies 100 can be placed face down onto the glue 110, as shown in
Figure 4, for example. Figures 3 and 4 show multiple dies 100 being processed together,
and the dies 100 can be processed individually or in larger or smaller groups, as
discussed. This can be carried out with accuracy of +/-10um or +/-5um, for example, to
align the die RDL 106 or other die contacts 102 well to the glue pattern 110 on the foil
108. The glue 110 can be engineered so that it is tacky during die bond. It could be that
this would utilize a little heat during die-bonding to soften the glue 110. The dies 100 can
be pressed down into the glue 110 until the RDL contacts the conductive layer 108 (e.g.,
copper foil). The glue 110 may be cured, either fully or partially. The glue 110 can be
partially cured to a level that allows the die 100 to be stuck to the surface. The cure can
later be completed with a thermal cycle. The conductive layer (e.g., copper foil) can form
layer 2 (L2). Figure 5 shows the die 100 attached to the conductive layer 108. In some
embodiments, some glue may be forced into the dips in the RDL 106. The RDL 106 or
other contact 102 of the die 100 can contact the conductive layer 108 (e.g., copper foil).
The glue 110 can be in the cavities between the RDL portions 106 or other contacts 102.

[0061] With reference to Figure 6, a second conductive layer 112 (e.g., copper
foil) can be laminated onto a back side of the die 100. In Figure 6, the front side of the
device (e.g., with the first conductive layer 108) is facing downward, and the back side of
the device (e.g., with the second conductive layer 112) is facing upward. In some
embodiments, the front and back sides can be switched, or labeled alternatively as back
and front sides, or first and second sides, respectively. The first conductive layer 108 can

be positioned over a front side of the die 100 (e.g., below the die 100 in Figure 6), and the
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second conductive layer 112 can be positioned over a back side of the die 100 (e.g., above
the die 100 in Figure 6). A first lamination stage can laminate the conductive layer 112
(e.g., layer 3 (L3)) onto the back side of the assembly. A spacer 114 (e.g., one or more
pre-pregs) can be used around the die area (e.g., the core of the lamination). The pre-
pregs 114 can have glass reinforcement and/or can form a stable core for the assembly. A
single or multiple pre-pregs 114 can be machined or otherwise formed to fit around the
die 100. Other types of filler material can be used for the spacer 114, in other
embodiments. Layer 3 can be coupled to the die by an adhesive 116 (e.g., a layer of filled
resin, such as Zetabond). Other adhesives 116, or other attachment mechanisms, can be
used to attach the conductive layer 112 to the die 100 (e.g., to the back side of the die
100). The resin layer or other adhesive 116 between the second conductive layer 112
(e.g., layer L3) and the backside of the die 100 can be thin after bonding, which can have
beneficial thermal properties. The resin or adhesive layer 116 can have a thickness of
about 2 microns, about 4 microns, about 6 microns, 8 microns, about 10 microns, about
12 microns, about 15 microns, about 18 microns, about 20 microns, about 25 microns, or
any values or ranges therebetween, although other thicknesses could also be used in some
cases. The resin or adhesive layer 116 can have a thickness between about 4 microns and
about 10 microns, between about 10 microns and about 15 microns, or between about 15
microns to about 20 microns, for example.

[0062] With reference to Figure 7, openings 118 in the front conductive layer
108 (e.g., copper foil L2) can be formed to expose portions of the die 100 or RDL 106 or
the contacts 102, such as by etching. An etch resist can be applied, and an etching
material can be used to etch the designated areas. A first etch can open vias to the die
surface or RDL or contacts. This first etch process can be separated from etching the
pattern (e.g., at a later, second etching step, such as shown in Figure 10) so that the
bottoms of the openings 118 can be more aggressively cleaned. Alternatively, in some
embodiments, the vias or openings 118 and pattern (e.g., discussed in connection with
Figure 10) can be performed by the same etching process. The residual resin between the
first conductive layer 108 and the copper RDL 106 or contacts 102 can be cleaned with
laser, plasma, or wet chemical procedures, or combinations of these technologies, or any
other suitable cleaning technique. In some cases, the glue 110 can cover the RDL
conductive material 106 or contacts 102 (e.g., the holes in the glue 110 that align with the

RDL portions 106 can be omitted). The glue 110 can stop the etching process so that the
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contacts 102 (e.g., RDL material 106) is not etched away. The glue can then be cleaned
away or otherwise removed, as discussed herein, to expose the underlying contacts 102
(e.g., RDL material 106). The openings 118 can provide holes or vias to the die 100.

[0063] In some embodiments, vias can be formed on both the front and back
sides. As shown in Figure 8, openings 120 in the back conductive layer 112 (e.g., copper
foil L3) can be formed to expose portions of the die 100 (e.g., back side contacts), for
example similar to the front side. In the case that the die 100 has backside metallization
or multiple die are packaged together (e.g., in a back-to-back configuration), backside
contacts can also be produced during an etching process that is similar to the etching
process discussed for forming the openings 118 in the conductive layer 108 (layer 2 — L2).
Cleaning techniques can be applied similar to the front side. The resin or adhesive 116,
or filler material between the die 100 and the conductive layer 112 (L3) can stop the
etching process, and the resin or adhesive 116, or filler material can then be removed,
such as to expose the underlying contacts on the die 100. In some cases, the openings 120
or vias on the back side can be omitted.

[0064] The vias can be plated, or otherwise filled with a conductive material
122, which can be the same material as the conductive layer 108 and/or the conductive
layer 112 (e.g., copper), although other conductive materials could be used. This can
provide a reliable electrical connection between the front conductive layer 108 and/or the
back conductive layer 112 (e.g., copper foil L2 and/or L3) and the die 100 (e.g., to the
contacts 102 or RDL 106). Vias or openings 118, 120 on the both the front and back can
be filled with the conductive material, as shown in Figure 9.

[0065] In some embodiments the vias or openings 120 on the back side can be
omitted. For example, Figure 10 shows the vias or openings 118 on the front side filled
(e.g., plated) with the conductive material 122, where no filing or plating is performed on
the back side because no openings 120 were formed in the conductive layer 112 on the
back side in the embodiment of Figure 10. Various figures herein show embodiments in
which the backside vias or openings 120 are omitted. Although not shown, in some
instances, the illustrated embodiments can include backside vias or openings 120 like
those shown in Figure 8, which can be filled as shown in Figure 9 to provide electrical
connection to the back of the die 100.

[0066] With reference to Figures 11 and 12, a circuit pattern can be etched for

the front and/or back conductive layers 108, 112 (e.g., copper foil layers L2 and L3).
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Figure 12 shows the circuit pattern formed in the front conductive layer 108 (L2).
Material of the front and/or back conductive layers 108, 112 can be removed (e.g., by
etching) to form gaps 124, which can separate portions of the front and/or back
conductive layers 108, 112. By way of example, Figure 12 shows that a gap 124 separates
a first portion of the conductive material 108a from a second portion of the conductive
material 108b. Different signals can be delivered through the first and second portions of
the conductive material 108a and 108b. Similar gaps 124 can be formed in the conductive
layer 112, such as to form discrete portions of the conductive material of the conductive
layer 112. In the cross-section shown in Figure 11, the vias formed on the back
conductive layer 112 (e.g., copper foil L3) can be interconnected by the conductive
material (e.g., copper foil L3, so that the same signal would be applied to all the die
contacts in this cross-section. In other embodiments or at other cross-sections, a circuit
pattern can be applied to L3 that separates the etched vias so that different signals can be
delivered to different contacts on the back of the die. The circuit patterns can be etched,
such as using an etch resist to set the pattern, or any other suitable technique can be used
to form the circuit pattern(s).

[0067] With reference to Figures 13 and 14, raised portions 126 or standoffs
can be plated onto portions of the front and/or back conductive layers 108, 112 (layers L2
and/or L3). The raised portions 126 can have a thickness of about 15um, or about 10-
20um, or about 5-30um, although other thicknesses could be used. The process can use
pattern plating. A plating resist can be applied and the copper, or other conductive
material, can be plated up in the designated areas. Different portions of the conductive
material can have different raised portions 126. For example, in Figure 14, a first portion
of the conductive material 108a can have a first raised portion 126a, and a second portion
of the conductive material 108b can have a second raised portion 126b. The first portion
of the conductive material 108a and the first raised portion 126a can be separated (e.g.,
electrically isolated) from the second portion of the conductive material 108b and the
second raised portion 126b, so that different electrical signals can be delivered
therethrough. In some cases, a continuous portion of the conductive material 108 or 112
can have multiple raised portions 126. An electrical signal can enter through a first raised
portion, transfer along the portion of the conductive material 108 or 112, and exit through

a second raised portion, in some instances.
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[0068] With reference to Figure 15, conductive layers L1 and L4 can be
laminated or otherwise coupled onto the assembly. An additional conductive layer 128
(e.g., layer 1) can be applied to the front of the assembly. An additional conductive layer
130 (e.g., layer 4) can be applied to the back of the assembly. Between the outer
conductive layers 128 and 130 and the respective inner conductive layers 108 and 112, a
filler material 132 (e.g., an adhesive or filled resin) can be used. The resin or other filler
material 132 can be electrically insulating. During a press cycle the material can be
squeezed out from between the raised portions 126 and the respective conductive layer
128 or 130. The result can be that the raised portions 126 can be very close to being in
contact, or in contact, with the outer conductive layers 128 and 130, which can be foils
(e.g., conductive layers L1 and L4). The filler material 132 can fill the gaps 124 in the
conductive materials 108 and/or 112 to electrically insulate different portions of the
circuit pattern.

[0069] With reference to Figure 16, similar to the discussion regarding layer
L2, openings 134 or vias can be formed (e.g., etched) in the material (e.g., copper) of the
conductive layer 128 (L1) and/or the conductive layer 130 (L4), and in some cases
residual resin can be cleaned away. As shown in Figure 16, contact holes 136 can be
formed (e.g., mechanically drilled or laser drilled, etc.) from the conductive layer 130
(layer L4) through to the conductive layer 108 (layer L2). The one or more contact holes
136 can extend through the conductive layer 130, through a raised portion 126 on the
conductive layer 112, through a portion of the conductive layer 112, through the filler or
adhesive 116, through the spacer 114, and into conductive layer 108. In some
embodiments, the contact opening 136 does not go through the full thickness of the
conductive layer 108, although in some cases, the contact opening could extend further,
for example, so that the contact opening extends through the conductive layer 108 (e.g.,
and into a raised portion 126 that is formed over the conductive layer 108). Across a
device or panel, the connections from the conductive layer 130 (layer L4) to the
conductive layers 108 and/or 128 (layers L2 and/or L1) can all be created using this
method.

[0070] With reference to Figure 17, similar to the discussion relating to the
conductive layer 308 (L2), the openings 134 or vias formed in the conductive layers 128
and/or 130 (L1 and/or L4) can be filled (e.g., plated in), such as with a conductive

material 138 (e.g., the same conductive material as the corresponding layer 128 and/or
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130). The conductive layers 128 and/or 130 can be electrically coupled to the respective
underlying raised portions 126, which can be electrically coupled to the underlying
conductive layers 108 and/or 112. The blind vias or contact holes 136 (e.g., extending
from layer L4 to layer L2 can be longer than the etched openings 134 or vias, and/or can
have a larger diameter than the etched openings 134 or vias. The contact openings 136 or
blind vias can be at least partially filled with the conductive material 138, so that the
portions of the conductive layer 130 are electrical coupled to corresponding portions of
the conductive layer 108. The contact openings 136 can be fully filled, in some
embodiments. In some cases, the contact openings 136 or blind vias from layer L4 to
layer L2 do not fill completely, which can leave a recess 140 (as shown in Figure 17).
The unfilled vias do not present any problems, in some implementations. In relation to
the package, these can be on the top surface, and so present no problems for soldering
processes.

[0071] With reference to Figure 18, the final (or an additional) etch for the
conductive layer 130 (layer L1) and/or conductive layer 128 (layer L4) can be carried out.
Conductive layers 128 and/or 130 (layers L1 and/or L4) can be etched to form a pattern or
to form isolated contact areas that can receive or output different signals. Gaps 142 can
separate portions of the conductive layers 128 and/or 130 to form the pattern or isolated
contact areas. A surface finish can be applied, such as electroless nickel immersion gold
(ENiQG), for example. The substrate can be complete and can be assembled (e.g., passive
electrical components mounted if applicable) and/or singulated.

[0072] Many variations and alternative feature or techniques can be used. In
some cases, the passivation layer 104 and/or the redistribution layer (RDL) 106 on the
front of the die 100 can be omitted. The die 100 can include contacts 102, and the
conductive materials 108 and/or 112 can couple directly to the die contacts 102 (e.g., on
respective front and/or back sides of the die 100), such as described herein for the back
side of the die 100. In some cases, a passivation layer 104 and/or RDL 106 can be used
on the back side of the die 100 (e.g., similar to the front side as shown). In some cases,
the via etching and pattern etching of the conductive layers can be performed together as a
single step for each of conductive layers 108, 112, 128, and/or 130 individually. In some
cases, the via etching and pattern etching of the conductive layers can be performed

together as a single step for conductive layers 108 and 112 together or for conductive
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layers 128 and 130 together. In some cases, the pattern etching can be performed before
or after the via etching, as separate steps.

Example 3 Layer Design

[0073] Some embodiments can use a design with three conductive layers.
When the die 100 has contacts 102 on only the front side, the conductive layer 112 can be
omitted. Die preparation can include applying a passivation layer or material to a die 100
or set of dies. Die preparation can also include applying a redistribution layer (RDL) 106
to the die 100 or set of dies, as discussed herein. The RDL 106 can have dips due to the
conductive material (e.g., copper) being formed over the openings in the passivation
material 104 (e.g., polyimide). The die 100 shown in Figures 1 and/or 2 can be used. The
passivation material 104 and RDL 106 can be omitted in some embodiments.

[0074] A conductive layer 108 (e.g., copper foil) can be applied to the front
side of the die 100, such as using a glue, as discussed herein (e.g., and as shown in
Figures 3-5). This conductive layer 108 is sometime references as “layer 2” or “L2.”

[0075] The die(s) 100 can be underfilled and flooded, in some embodiments.
Figure 19 shows multiple dies 100 placed face down onto a conductive layer 108, with the
flood material 115 surrounding the dies 100. The process can be completed in a single
phase, in some embodiments, with the material first being dispensed in a pattern to enable
underfilling and then covering the rest of the area and flooding. The underfill material
can be an organic polymer, epoxy, or a cyantate ester, although other suitable underfill
materials can be used. The flood material can be the same material group as the underfill
material, or it can be a different type of material. Epoxy can be used as a flood material,
for example. The flood material can have a viscosity that permits it to flow (e.g., at least
enough to level). The underfill material and the flood material can have significantly
different viscosity and thixotropy properties. The flood material can have a lower
viscosity than the underfill material, or the flood material can have a higher viscosity than
the underfill material. The flood material can have larger particles size fillers (e.g., silica,
talc, Mg3Si4O10(OH)»). Many different materials and techniques can be used. Various
other types of spacers or fillers can be used. The underfill and flood approach can be used
to form the spacer 114 of Figure 6, for example. In some cases, a pre-preg or other spacer
114 can be used.

[0076] Vias or openings 118 and circuit patterns can be formed (e.g., etched)

in the conductive layer 108 (e.g., copper foil), similar to the discussion of Figures 7 and
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11-12. The panel can have etch resist applied and the conductive layer 108 (e.g., copper
foil L2) can be etched back to open the opening s 118 or vias to the die 100 and to create
the L2 metal circuit pattern. The openings 118 or vias may be designed to be larger than
the apertures in the glue 110 to allow some inaccuracy in the die placement. The
vias/openings 118 and pattern can be formed together with a single etching process, or
separately by separate etching processes. In some cases, the vias/openings 118 can be
cleaned, and/or glue 100 or resin can be removed from the vias/openings 118, as
discussed herein. Various figures herein show a single device for ease of illustration, and
it will be understood that several devices can be formed on a panel, as described herein.
Figure 20 shows a front side of the panel with the openings 118 and the gaps 124 to form
the conductive pattern formed together by the same etching process. Alternatively,
separate etching processes similar to Figures 7 and 11 could be used.

[0077] The vias/openings 118 can be plated, or otherwise filled with a
conductive material 122, which can be the same material as the conductive layer 108 (e.g.,
copper), although other conductive materials could be used. The panel can be pattern
plated to fill the vias/openings 118 to the die 100, which can electrically connect the die
100 (e.g., the contacts 102 or RDL 106 on the die 100) to the patterned circuit of the
conductive layer 108. Once the openings 118 are filled, a panel with the front side of
Figure 12 can be produced.

[0078] Raised portions 126 or standoffs can be added, which can be used to
couple conductive layer 108 (layer L2) to the conductive layer 128 (layer 1), which can
be added at a later stage, as discussed herein. The panel can have a second plating
process to create small standoffs or raised portions 126 on the conductive layer 108 (layer
L2). The raised portions 126 can have a thickness of about 15um, or about 10-20pm, or
about 5-30um, although other thicknesses could be used. The copper on the next layer
128 can be pushed down to contact (or nearly contact) these raised portions 126 during
the lamination process, for example. Zetabond and other material of this type, can be
pressed down during lamination to very thin layers (e.g., of just a few microns).

[0079] The panel can be laminated on both sides with conductive layers 128
and 130, for example, similar to Figure 15. With reference to Figure 21, on the front side,
a filled resin system can be used, such as Zetabond. On the backside, a machined pre-
preg 114a with apertures for the die 100 and thin pre-preg 114b between the die 100 and
the backside conduct layer 130 (e.g., copper foil) can be used. A pre-preg 114b can be
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used in this case as the backside of the die 100 does not need to be contacted. In Figure
21, an outer conductive layer 128 (e.g., a copy foil) can be applied on a front side. In
Figure 21, the front side is facing upward and the back side is facing downward. The
outer conductive layer 128 can be referenced as “layer 1” or “L1.” A resin, bonding,
and/or filler layer 132, such as Zetabond or a similar material, can be used to attach the
conductive layer 128. A fill material 113 and a flood material 115 can be used, but can be
omitted in some cases. A spacer 114a, such as a pre-preg, such as a machined pre-preg,
can have a recess for receiving the die 100. a spacer 114b, such as a pre-preg, or
insulating layer can be between the die 100 and the back conductive layer 130. The back
conductive layer 130 (e.g., a copper foil), which can be referred to as “layer 3” or “L3.”
Figure 21 shows the embedded die assembly. Although not shown in the cross-section
view of Figure 21, for simplicity of illustration, the die assembly would include the die
100, the conductive pattern (e.g., conductive layer 2 108), and the standoffs 126, as
disclosed herein.

[0080] A cross-section is provided in Figure 22 that shows the RDL 106, glue
110, conductive layer 108 (L2), and the standoffs 126. Various alternatives are possible.
For example, the pre-pregs 114a, 114b can be omitted, and the fill and flood material 115
can fill the space of pre-preg 114a. Various other types of spacers or filler material can be
used. Figure 23 shows another example embodiment, which can be made similar to
Figure 15, except that the conductive layer 112, and its associated raised portions 126 and
steps, can be omitted. Figure 24 shows the embodiment of Figure 23, after steps similar
to those of Figures 16, 17, and 18 are performed. The conductive layer 128 can be
electrically coupled to the standoffs or raised portions 126. One or more contact openings
136 can be formed in the back side through the conductive layer 130, through the filler
material 132, through the spacer 114, and into the conductive layer 108. The contact
openings 136 can be at least partially filled with a conductive material 138, for example to
electrically couple portions of the conductive layer 108 to the corresponding portions of
the conductive layer 130. A conductive pattern can be formed in the conductive layer
128, as discussed herein, such as by etching. A conductive pattern or discrete contact
areas can be formed from the conductive layer 130, such as be etching, as discussed
herein.

[0081] With reference to Figure 25, the conductive material (e.g., copper) on

conductive layer 128 (Layer L1) can be etched to form a circuit pattern and/or to open out
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vias or openings 134 down to the standoffs 126, which can be considered part of layer L2
or as a coupling between layers L1 and L2 (e.g., similar to the discussion in connection
with Figures 16 and 18). The circuit pattern can be formed before or after the
vias/openings 134, or together with the vias/openings 134 during the same etching pass.
In some cases, these vias/openings 134 don’t need drilling, as the vias/openings 134 can
be formed at areas over the raised portions 126 or standoffs that were formed by the
second plating stage on layer L2 so that there is only limited resin under the openings 134.
The bottoms of the vias/openings 134 can be cleaned with a laser, plasma, or wet
chemical, etc. to remove any thin layers of resin, which can expose the underlying
conductive material of the standoffs 126. The conductive material pattern can be formed
by creating (e.g., etching) gaps 142 in the conductive material 128, as discussed herein.

[0082] With reference to Figure 26, the conductive material (e.g., copper) of
conductive layer 130 (Layer L3) can be removed (e.g., etched) to form a circuit pattern.
The pattern in the conductive layer 130 can be formed before or after the contact openings
136 and barrel vias are formed (as discussed in connection with Figures 27 and 28). Gaps
142 can be formed between portions of the conductive material 130 to form the pattern or
separated contact areas.

[0083] In this 3-conductive-layer embodiment, an electrical connection can be
formed between conductive layers 108 and 130 (Layer L3 and Layer L.2). There can be a
relatively large separation between conductive layers 108 and 130 (layers L2 and L3) due
to the die thickness. Therefore, in some cases, there are no vias etched into layer 3.
Rather holes 136 can be drilled and then plated to form vias that electrically couple
conductive layers 108 and 130 (layer L3 to layer L2). The panel can be depth drilled from
the back. The drilling can stop on L2, such as to form blind vias. Laser drilling to form
the vias can be used. Mechanical depth drilling can be used. The drilled via count is
relatively low, such as due to the vias formed by etching. Any suitable drilling
technology can be used, especially since relatively few drilled vias are used. One or more
holes 136 can be formed in the back side through the conductive layer 130, through the
spacer 114 (e.g., through pre-preg 114b, pre-preg 114a, and/or the flood material 115),
and into the conductive layer 108. Figure 27 shows the holes 136.

[0084] The panel can be plated up to fill the etched vias or openings 134 on
the front side, and to form barrel plated blind vias on the back side (L.3). Figure 28 shows

the back side after the holes 136 have been coated or partially filled to form barrel vias. A
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recess 140 can be formed in the middle of the barrel vias. In some cases, the drilled vias
or holes 136 can be filled completely, rather than creating barrel plated vias. In some
embodiments, the panel can be finished in electroless nickel immersion gold (ENiG).
[0085] With reference to Figures 29 and 30, the devices can have additional
components mounted thereon, such as passive electrical components (e.g., one or more
inductors and/or capacitors). Testing can be in panel or as singulated devices. The
devices can be singulated, such as using a sawing technology on tape, similar to wafer
sawing. In the embodiments illustrated below, an inductor 144 and a pair of capacitors
146 can be mounted onto the device (e.g., on the back side). The techniques and
embodiments disclosed herein can be used to make various types of electrical devices,
such as a power converter, a buck converter, a boost converter, a voltage regulator, an
alternating current (AC) to direct current (DC) power converter, a DC-DC power
converter, or other devices disclosed in U.S. Patent No. 10,193,442, issued January 29,
2019, and titled CHIP EMBEDDED POWER CONVERTERS, the entirety of which is
hereby incorporated by references. For example, the die 100 can include circuitry
configured to receive an input voltage and modify the voltage to output a different (e.g.,
higher or lower) voltage. The die 100 can include one or more power switches, and a
driver and/or a controller (e.g., a pulse width modulator controller), which can operate the
one or more power switches to modify the voltage. The die 100 or other embedded
circuitry can be coupled to the inductor 144 and/or capacitors 146 through vias. The die
100 or other embedded circuitry can be coupled to the inductor 144 and/or capacitors 146
through portions of the conductive layer 130, the drilled vias, and portions of the
conductive layer 108 (and in some cases also portions of the conductive layer 128 and
raised portions 126, depending on the configuration). When mounted onto a device with
contacts on both sides of the die 100 (e.g., a 4 conductive layer embodiment), the die 100
or other embedded circuitry can be coupled to the inductor 144 and/or capacitors 146
through portions of the conductive layer 130, corresponding raised portions 126, and
portions of the conductive layer 112. In Figure 29, the front side is shown with the
openings 134 of Figure 25 filled (e.g., plated), which can electrically couple portions of
the conductive layer 128 to the underlying raised portions 126. The footprint of the
inductor 144 and/or of the one or more capacitors 146 can at least partially overlap with

the footprint of the die 100 or other embedded circuitry.
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[0086] A cutout perspective view of the device is shown in Figure 31.
Conductive layer 108 (Layer L2) can be etched to create holes and the holes can be plated
(or otherwise filled) through to the die 100 (e.g., to the RDL 106) to create a connection
to the die 100. Raised portions 126 can be formed on the conductive layer 108 (layer L2),
and the filler material 132 (e.g., Zetabond) can fill in around the raised portions 126.
Conductive layer 128 (layer L.1) can sit directly on raised portions 126 of layer L2. The
etched holes in the conductive layer 128 (layer L1) can be plated to the raised portions
126 of layer L2. This technique can be used to make electrical connections (e.g., for
ground or voltage input or voltage output, or any other suitable signal type) directly
through to the die 100 under the respective pads or contact points on the conductive layer
128 (layer L.1). Blind vias can be drilled from the conductive layer 130 (layer L3) to
conductive layer 108 (layer L2), and can be at least partially filled (e.g., plated) to
electrically connect the conductive layer 130 (layer L3) to conductive layer 108 (layer L2).
Thus, in some embodiments, inputs and outputs can be coupled to the die 100 on both the
front side and the back side of the device.

[0087] A cross-section is shown in Figure 32 with 4 contacts on the die 100
(e.g., on the front side thereof). The contacts are labeled 1, 2, 3, and 4 in Figure 32.
Signals and/or power can be provided to or from the die 100 through various pathways
and through various layers. Signals can be sent to or from contact 3 on a front side of the
die 100 through a contact pad on conductive layer 128 (Layer L1), through a standoff 126
under the contact pad, through a portion of conductive layer 108 (layer L2) that is under
the standoff 126, and to the contact 3 on the die 100 that is under the portion of
conductive layer 108 (layer L2). In some cases, the signal can go through a portion of the
redistribution layer (RDL) 106 between the die 100 and the portion of the conductive
layer 108 (layer L2). Signals can travel through conductive layer 128 (layer L1), through
a standoff 126, through conductive layer 108 (layer L2), optionally through the RDL 106,
and to the die 100, or in the reverse direction for signals sent from the die 100. Signals
can be sent to contact 4 on the front side of the die 100 through a contact pad on
conductive layer 130 (layer L3) (e.g., on the back of the device), through the drilled via,
through conductive layer 108 (layer L2), to the die contact or associated RDL portion, or
signals can be sent in the reverse direction for signals output by the die 100. In some
cases, signals can be delivered to the back side of the device without going through

conductive layer 128 (L1). Signals can be sent to contact 2 on the front side of the die
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100 through a contact pad on the conductive layer 130 (layer L3) (e.g., on the back of the
device), through a drilled via, through a portion of conductive layer 108 (layer L2),
through a standoff 126, through a pathway on conductive layer 128 (layer L1), through
another standoff 126, through another portion of conductive layer 108 (layer L2), and to
the die contact 2 or associated RDL portion. Signals can be sent in the reverse direction
for signals output from the die 100. Contact 2 can be accessible from the front side as
well, such as through the portion of conductive layer 128 (layer L1) that is electrically
coupled to contact 2. Accordingly, a contact 102 on the die 100 can be electrically
accessible from the front and/or back of the device. Contact 1 can be accessible through
an associated pathway on conductive layer 108 (layer L2), where no standoff is positioned
above the contact 1. For example, the pattern of conductive layer 108 (layer L2) can
couple the drilled via shown on the right side to contact 1 instead of, or in addition to,
contact 4. In some cases, the pattern of the conductive layer 108 (layer L2) can couple the
contact pad that is shown above contact 3 to contact 1 in addition to contact 3 (or
alternatively contact 3 could be omitted).

Another Example 4 Layer Design

[0088] Another example 4-layer design is discussed. The die 100 can
optionally have a metallization layer on the backside of the die 100, which can allow the
via connections on the back side similar to the via connections on the front side, as
discussed herein. A die 100 can have connections on the front and back sides. A pair of
dies 100 can be arranged (e.g., face to face) with the connections for the first die facing in
a first direction (e.g., forward) and the connections for the second die facing in a second
direction (e.g., backwards) that is substantially opposite the first direction. More complex
structures, such as dies facing in different directions with complex connections, may
involve more cleaning after opening out as the side of the die that is not in the glue can
have a thicker resin layer to clear. The dies can be adhered to each other or otherwise
coupled together.

[0089] In some cases both the back side and the front side can have a
passivation layer 104 or material and/or a redistribution layer (RDL) 106, although these
features can be omitted in some implementations. The glue application to a conductive
material (e.g., that will become layer L2), the bonding of the die (e.g., front side of the
die) to the conductive material 108 using the glue 110, and/or the underfill and flood steps

can be performed the same as for the 3 layer design, or other embodiments discussed
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herein. As discussed herein, in some embodiments, the underfill and flood steps can be
omitted, and different spacers or filler materials or techniques can be used.

[0090] With reference to Figure 33, for example, a conductive layer 112 (e.g.,
copper foil) can be applied (e.g., laminated) to the back side of the die 100. A spacer 114
(e.g., a machined pre-preg spacer) can fill at least some of the space around the die 100.
Fill and/or flood material 115 can also surround a portion of the die 100. Filled resin 116
(e.g., Zetabound) or other adhesive can be used between the die 100 and the back
conductive layer 112 (e.g., foil). The die 100 can be embedded deep into the resin 116. A
very thin resin layer can be between the die 100 backside and the conductive layer 112
(e.g., copper foil).

[0091] The panel can have etch resist applied and the conductive layers 108
and 112 (L2 and L3) (e.g., copper foils) can be etched back to open the vias to the die 100
(e.g., on both sides) and/or to create the L2 and L3 metal/conductive circuit patterns. The
vias and patterns can be formed by the same etching pass, or as separate etching passes.
The front and back can be etched separately or together at the same time. The vias can be
cleaned, such as to remove glue or Zetabond (or other joining or filler material), so as to
expose the underlying die contacts 102 or associated RDL portions 106. If multiple dies
100 facing in different directions are embedded, then the dies 100 that are placed face up
in the die-bonding may require extra cleaning as the resin residuals from the Zetabond or
other adhesive can be thicker and less controlled than those on the side where the die 100
is inserted into the die attach glue. The vias and pattern formed in conductive layer 108
(L2) on the front side (shown in Figure 33) can be the substantially the same as the 3-layer
design, or other embodiments disclosed herein (e.g. as shown in Figure 20). The vias and
pattern formed in conductive layer 112 (L3) on the back side can be formed similarly, but
the circuit pattern and/or via locations can be different, depending on the configuration.
The panel can be pattern plated on both sides (together or as separate passes) to fill the
vias to the die 100 and connect the die 100 into the circuit patterns formed in the
conductive layers 108 and 112. Figure 12 shows the front side with the filled vias. While
only L2 on the front side is shown in Figure 12, L3 on the back side can be similar, but
the circuit pattern and/or via locations can be different. Standoffs or raised portions 126
can be formed on the front and back sides (e.g., together or as separate passes). A second
plating process can be applied to create standoffs on layer 2 (front side) and layer 3 (back

side). The raised portions can be similar to the other embodiments discussed herein, such
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as shown in Figures 13 and 14. As discussed herein, the conductive material (e.g.,
copper) on layers 128 (L1) and 130 (L4) can be pushed down to contact, or nearly contact,
the standoffs 126 during the later lamination process. Although only the front standoffs
126 on L2 are shown in Figure 14, the backside standoffs 126 on the L2 layer can be
similar, but the circuit pattern, via locations, and/or standoff locations can be different.

[0092] With reference to Figure 34, the conductive layers 128 and 130 (L1 and
LA4) can be added to the respective front and back sides. The panel can be laminated on
both sides. On the front side, it can use a filled resin system that uses a resin 132 (such as
Zetabond) to couple the conductive layer 128 (e.g., copper foil) L1. On the backside, a
machined pre-preg 114 with one or more apertures for the die 100 and a thin pre-preg
between the die and the backside copper foil can be used. Many alternatives are possible.
For example, the front and back can use a filled resin 132 (e.g., Zetabond), other bonding
material, and/or pre-pregs. The material(s) that couples the layers L1 and L4 to the device
can form around the standoffs 126. The device can have an outer conductive layer 128
(L1) (e.g., copper foil), Zetabond or other resin or filler/binder 132, standoffs, conductive
layer 108 (L2), RDL material 106 that couples L2 to the die 100, glue or other binder 110,
which can at least partially surround the RDL portions 106, fill and/or flood layer 115
(e.g., optional) which can at least partially surround the glue 110 and/or RDL 106, and in
some cases, can extend up or down part of the die, a pre-preg 114 that can be machined to
fill around the die 100, Zetabond or other resin or filler/binder 116, conductive layer 112
(L3), standoffs 126, Zetabond or other resin or filler/binder 132, and conductive layer 130
(L4) (e.g., copper foil). In some cases, the pre-preg(s) can be omitted, and Zetabond or
other filler material can be used (e.g., to span the die thickness). Many other alternatives
are possible, as described herein.

[0093] The conductive material (e.g., copper) on the conductive layer 128
(Layer L1) can be removed (e.g., etched) to form a circuit pattern and/or to open out small
vias down to layer L2 (e.g., to the standoffs 126), similar to other embodiments discussed
herein. These vias can be formed without drilling as the vias can be formed over the
standoffs 126 (e.g., which were formed by the second plating stage on layer 2). A little
resin can be under the openings, and the resin can be cleaned to expose the standoff
material. The bottom to the vias can be cleaned with a laser, plasma, or wet chemical, etc.
to remove the thin layer of resin. The vias and circuit pattern can be similar to the 3-layer

design front side shown herein.
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[0094] With reference to Figure 35, some of the conductive material (e.g.,
copper) of conductive layer 130 (Layer L4) can be removed (e.g., etched) to form a circuit
pattern or outline and/or open out small vias 134 down to layer L3 (e.g., to the backside
standoffs 126), similar to the front side except that the circuit pattern can be different
and/or the vias 134 can have different locations. These vias 134 can be formed without
drilling as these vias 134 can be located over the backside standoffs 126 (e.g., which were
formed by the second plating stage on layer L3). A little resin can be at the bottom of the
vias 134 after etching (e.g., due to the resin pressed between the L[4 layer 130 and the
standoffs 126 during lamination). The bottom of the vias 134 can be cleaned with a laser,
plasma, or wet chemical, etc. to remove the thin layer of resin, for example.

[0095] With reference to Figure 36, the panel can be drilled from the back,
similar to other embodiments disclosed herein. The drilling can stop on the conductive
layer 108 (L2) to form blind vias or holes 136. The panel can be plated up to at fill the
etched vias 134 both front and back (e.g., as a single pass or as separate steps). The
drilled vias or holes 136 can be plated as well, and can form plated barrel vias, as
discussed herein (although fully filled vias can be formed as well). The back side with
conductive barrel vias formed in the drilled holes 136 can look like Figure 28. The back
side with fully filled holes 136 to provide the vias can externally look like Figure 26.

[0096] The 4-layer embodiment can be similar to the 3-layer embodiment,
except that contacts on the back side of the die are electrically accessible (e.g., on the
front and/or back side of the device). The cross-section shown in Figure 37 includes
some examples of electrical interconnections that are possible. The cross-section can
have four contacts on the front side of the die 100, which can be accessible on the front
and/or back of the device, similar to the 3-layer embodiments disclosed herein (e.g., see
Figure 32). The cross-section shown in Figure 37 can have six contact on the back side of
the die 100, and those contacts can be accessible on the front and/or back of the device.
For example, signals can be delivered through a contact pad on a portion of layer 130
(L4), through a backside standoff 126, through a portion of layer 112 (L3), and to the die
contacts. Signals can be sent from the die 100 in the reverse directions. In some cases, an
RDL 106 material can be used, similar to the front side. The circuit pattern(s) (e.g., on
layer 112 (L3) and/or layer 130 (L4)) can route electrical signals so that contacts on
different parts of the die 100 can be accessible on different areas of the device. Also,

signals can be delivered to a contact pad on layer 128 (L1), and the signal can be
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transferred through the conductive material 138 in the drilled via to a back side die
contact. By configuring the circuit patterns on L1, L2, L3, and 14, and the standoff
locations, and the drilled vias, signals can be routed from any contact pad (e.g., on the
front or back of the device) to any die contact (e.g., on the front or back of the die or die
assembly). After completion the devices can have other components mounted thereon
(e.g., inductor and/or capacitors).

[0097] Many variations are possible. In Figure 37, the drilled via on the right
goes through an area where there are no standoffs 126, whereas the drilled via on the left
goes through one of the back standoffs 126. A front-side standoff 126 can align with the
drilled via, or not. In some cases, at least some of the standoffs 126 can be omitted. For
example, if signals are only received on the front side, through L1, then the backside
standoffs 126 can be omitted. Signals can be routed to the backside contacts through the
drilled vias and through layer 112 (L3). If signals are only received on the front side, then
the front-side standoffs can be omitted. Signals can be routed to the front side through the
drilled vias and through layer 108 (L2). The die 100 can be an integrated circuit (IC).
The die can be replaced with any circuitry or electrical component. Various steps and
features can be interchanged between the embodiments disclosed. Figure 38 is a cross-
sectional view of an example embodiments of an assembly, which is similar to Figure 18,
except that the back-side contacts 102 of the die 100 are shown. Openings can be formed
(e.g., etched) through the layer 112 over the back-side contacts 102, and those openings
can be filled with conductive material to electrically couple the back-side contacts to the
portions of the layer 112. Similar to Figure 37, signals can be delivered to or received
from the front or back side of the device to contacts 102 on the front of the die 100 or on
the back of the die 100. In some embodiments, an insulating material can be added to the
gaps 142, such as for insulating separated portions of the respective conductive layers 128
and/or 130.

[0098] The features and techniques disclosed herein can reduce the amount of
drilling used to form the device. In some cases, no laser-formed vias are made. The
features and techniques disclosed herein can be much less stressful for the die as
compared to conventional approaches. Larger area contacts and shorter contact lengths
can be formed from layer to layer. A Multi-material stack can make the laminate more
rigid. The features and techniques disclosed herein can be more additive processing and

less subtractive processing than conventional approaches. The features and techniques
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disclosed herein can provide lower cost than other technologies, lower sequential
processing and higher batch processing, improved yield, reduced defects, and/or faster
processing. In some embodiments, the only vias that are formed by drilling span across a
width of the die 100. In some implementations, the device does not have any drilled vias
that do not extend from one side of the die 100 to the other side of the die 100. All the
vias on the front side of the die 100 or on the back side of the die 100 can be formed by
etching. In some cases, none of the vias formed on the front side of the die 100 or on the
back side of the die 100 are formed by drilling. In some embodiments, the only drilled
vias on the device are positioned to the side of the die 100, and do not overlap the
footprint area of the die 100.

[0099] The method of connection to the RDL can be beneficial. The RDL
itself can be partitioned into contacts or sets of contacts. In the case of the IC shown in
some embodiments, it can be seen that there are a number of logic contacts and blocks or
strips, which can be power contacts. When the die 100 is mounted to the patterned glue
110, there can be a cavity formed between the contact area of the RDL 106 and the foil
(e.g., layer 108). The cavity is an interesting feature for the etching process. When the
via is etched through the copper foil it can break-through in the center first. As the
etchant contacts the surface of the RDL it can start to etch this too. However, the effect
can be limited as the etchant can very quickly finish the via opening, and this can even be
considered to be part of the cleaning process for the RDL prior to the plating stage. In
some cases, the cavity can be clear of resin or glue, etc., but in some cases there is likely
to be some resin in these cavities. The resin can be removed from the cavities, such as by
a cleaning step. The separation of the etching process to open the via holes from the
etching process for forming the circuit pattern, means that the vias can be more
aggressively cleaned with a laser, plasma, or wet chemical processes in some
embodiments.

[0100] Some processes actually build the die facing upwards. The organic
material over the RDL contacts can be generally thicker and is often cleared using laser
via drilling. The touch technology can have the die RDL very close to the foil and can
have no resin between the RDL and the contact point for the via. In this way the via
lengths can be kept to a minimum. A touch via may have a diameter of about 20pm,
about 30um, about 40um, about 50um, about 60um, about 70um, about 80um, or more,

or any values therebetween, or any ranges bounded by any combination of these values,
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although other sizes are possible. A touch via can have a length of about 2um, about
3um, about 4pum, about Sum, about 6um, about 7um, about 8um, about 9um, about
10pm, about 12um, about 15pum, about 20um, or any values therebetween, or any ranges
bounded by any of these values, although other sizes can be used. By way of example, a
touch via (e.g., formed by the etched holes and/or standoffs) can have a diameter of about
S50pm and a height of less than about 10um (e.g., about Sum). Other technologies can
have vias that are about 25-50um in length. The openings in Touch technology can be
relatively large, such as about 0.25mm?2, about 0.5mm?, about 0.75mm?2, about 1mm?2,
about 1.25mm?, about 1.5mm?2, about 1.75mm?, about 2mm?, or any values therebetween
or any ranges bounded by any combination of these values, although other sizes can be
used. For example, smaller areas can be used, such as for various diameters and sizes
disclosed herein. The openings, touch vias, standoffs, etc. can also be any shape.

[0101] The connection between the inner layers and the outer layers can be
built up as a boss or raised profile created on a conductive (e.g., copper) layer, such as by
a plating process. The boss or profile doesn’t have to be particularly high as it only needs
to space the copper foil far enough from the underlying circuit that shorting or leakage is
impeded, a reasonable height range is about 5-50um or about 10-30pm. In this feature,
the bosses or profiles can be formed where the connection are located and the conductive
layer (e.g., foil) can be squeezed down to touch the bosses or profiles during the
lamination process. In some cases a thin layer or portions of Zetabond or adhesive can be
trapped between the foil and the raised profiles. Zetabond is only used as an example
material, there are a number of other materials that be used. Any type of filled resin sheet,
or other coupler, filler, or spacer can be used. Zetabond can be extremely thin over the
boss areas or raised profiles after lamination, such as because the material is relatively
mobile. This can be beneficial as a later process can be to open out connection vias in the
conductive layer (e.g., foil) (e.g., during the etching of the circuit pattern). The thin layer
of remaining resin (e.g., from the Zetabond) can be removed using a laser, plasma, or wet-
chemistry used traditionally to clean up micro vias after the laser drilling processing (or a
combination of these technologies).

[0102] The process can result in a very beneficial product. The connection
bosses or profiles can be relatively large and can be any shape. The area of the connection
can be extremely large when compared to conventional vias. The etched via in the foil

that contacts the boss can be very short, which can mean that even if the contact via has to
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be small to fill well in the plating process, it can have less impact on the performance
compared to conventional micro-vias. Because the interconnection between the
conductive layers (e.g., layers 108 and 128 or 112 and 130) is built up using the raised
portions 126 or standoffs, the resulting structure can be different from devices in which
the conductive layers are first formed and then later interconnected by a via (e.g., by
drilling hole between the conductive layers and depositing conductive material in the
hole). The standoffs or raised portions 126 are plated onto the underlying conductive
layer 108 and/or 112. As discussed, for example, in connection with Figures 16, 17, and
25, the outer conductive layer 128 or 130 can be electrically coupled to the underlying
standoffs or raised portions 126 by forming openings 134 through the outer conductive
layer 128 or 130 (and in some cases also through an adhesive or insulating material 132)
to the underlying standoffs or raised portions 126. Those openings can then be filled with
a conductive material to provide an electrical connection between the outer conductive
layer 128 or 130 and the underlying standoffs or raised portions 126. Accordingly, in
some cases only a portion of the area of the standoffs or raised portions 126 are
electrically coupled to the overlying conductive layer 128 or 130. As shown in Figure 14,
the standoffs or raised portions 126a and 126 have a first size or area. As shown in Figure
25, the openings 134a and 134b that correspond to the standoffs 126a and 126b have a
second size or area that is smaller than the first size or area. Even when multiple
openings 134 are made for connecting to a single standoff or raised portion 126, the total
second size or area of those openings 134 is less than the size or area of the underlying
standoff or raised portion 126. The second size or area can be about 10%, about 20%,
about 30%, about 40%, about 50%, about 60%, about 70%, or about 80% of the first size
or area, or any values or ranges therebetween, although in some embodiments other sizes
could be used. Figure 39 shows a detailed partial view of a portion of an embodiments
similar to the assembly of Figure 38. Figure 39 is a partial cross-sectional view of an
example embodiment similar to the device of Figure 38. A thin layer or small amount of
the insulating material 132 can extend into part of the area between the standoff(s) or
raised portion 126 and the overlying conductive layer 128. The area where the insulating
material 132 extends between the standoff(s) or raised portion 126 and the overlying
conductive layer 128 can account for the difference between the first size or area and the
second size or area. When the conductive layer 128 was attached (e.g., laminated) onto

the device, some amount of the adhesive or other insulation material 132 (e.g., used for
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lamination) can remain between the standoff or raised portion 126 and the overlying
conductive layer 128. In some cases, most and sometimes almost all of the insulating
material 132 is pressed out of that area during lamination, but some can remain. In Figure
39 the thickness of the remaining insulating material 132 is shown exaggerated for ease of
illustration. In Figure 39, the location where the openings 134 were formed are shown in
dashed lines. The openings 134 can extend through the insulating material to expose
portions of the underlying standoff or raised portion 126. The conductive material 138
can at least partially fill the openings 134 to make the electrical connection between the
conductive layer 128 and portions of the underlying standoff or raised portion 126, as
shown in Figure 39. This is structurally different from a device in which the
interconnection between the conductive layers 108 and 128 is formed by drilling a hole
between the layers and filling that hole with conductive material, because the drilled hole
does not get wider as it goes deeper. In contrast, the deeper standoff 126 portion is wider
than the less deep electrically interconnecting portion formed by the conductive material
138 deposited into the opening 134. The openings 134, 118, 120 that are used to
interconnect to underlying layers can be formed without drilling, such as be using etching
processes. In some implementations, drilling or any other suitable technique could be
used to form the openings 134, 118, 120.

[0103] In some embodiments, photo-imaging glues can be used. One reason
for using photo-imaging glue in this technology can be for accuracy. Using photo
processing techniques the accuracy of the apertures produced can be very accurate (about
Spum is not unrealistic on a panel). Combined with accurate die placement, this means
that very fine geometries are possible, which can be beneficial for this type of technology.
The glue can resemble a solder-mask product. It can have a UV acrylate component
within a thermal curing epoxy system, for example.

[0104] The process can include depositing the material, such as using a screen
to print the material on the substrate. Other coating methods can also be used, such as
dip, spray, or roller coating techniques. The solvent component can be driven off in a
drying process. The material can be exposed using UV light through a mask or with a
scanning beam (such as Laser Direct Imaging). The material that is not exposed can be
developed using an aqueous developer, for example. It can be desirable that the glue is
dry at room temperature to aid handling. During die placement the material may need to

be warmed to reduce the viscosity to make the material tacky. The die can be pressed into
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the glue and can be cured. The process can include using a press to make sure the die(s)
are well attached. The cure may or may not be driven through to completion, there are
sometimes advantages of having the material not fully cured.

Additional Details

[0105] The principles and advantages described herein can be implemented in
various apparatuses. Examples of such apparatuses can include, but are not limited to,
consumer electronic products, parts of the consumer electronic products, electronic test
equipment, etc. Examples of parts of consumer electronic products can include clocking
circuits, analog-to-digital converters, amplifiers, rectifiers, programmable filters,
attenuators, variable frequency circuits, etc. Examples of the electronic devices can also
include memory chips, memory modules, circuits of optical networks or other
communication networks, cellular communications infrastructure such as base stations,
radar systems, and disk driver circuits, etc. Consumer electronic products can include, but
are not limited to, wireless devices, a mobile phone (for example, a smart phone), a
wearable computing device such as a smart watch or an ear piece, healthcare monitoring
devices, vehicular electronics systems, a telephone, a television, a computer monitor, a
computer, a hand-held computer, a tablet computer, a laptop computer, a personal digital
assistant (PDA), a microwave, a refrigerator, a stereo system, a cassette recorder or player,
a DVD player, a CD player, a digital video recorder (DVR), a VCR, an MP3 player, a
radio, a camcorder, a camera, a digital camera, a portable memory chip, a washer, a dryer,
a washer/dryer, a copier, a facsimile machine, a scanner, a multi-functional peripheral
device, a wrist watch, a clock, etc. Further, apparatuses can include unfinished products.

[0106] Unless the context clearly requires otherwise, throughout the

e LN LN

description and the claims, the words “comprise,” “comprising,” “include,” “including,”
and the like are to be construed in an inclusive sense, as opposed to an exclusive or
exhaustive sense; that is to say, in the sense of “including, but not limited to.” The words
“coupled” or connected”, as generally used herein, refer to two or more elements that can
be either directly connected, or connected by way of one or more intermediate elements.

LI

Additionally, the words “herein,” “above,” “below,” and words of similar import, when
used in this application, shall refer to this application as a whole and not to any particular
portions of this application. Where the context permits, words in the Detailed Description
using the singular or plural number can also include the plural or singular number,

respectively. The words “or” in reference to a list of two or more items, is intended to
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cover all of the following interpretations of the word: any of the items in the list, all of the
items in the list, and any combination of the items in the list. The words “and/or” is also
intended to cover all of the following interpretations of the word: any of the items in the
list, all of the items in the list, and any combination of the items in the list. The term

)

“based on,” as generally used herein, encompasses the following interpretations of the
term: solely based on or based at least partly on. All numerical values provided herein are
intended to include similar values, such as within a measurement error.

[0107] Moreover, conditional language used herein, such as, among others,

I3 EL Y3 EEINTS

can,” “could,” “might,” “may,” “e.g.,” “for example,

EEINT3

such as” and the like, unless
specifically stated otherwise, or otherwise understood within the context as used, is
generally intended to convey that certain embodiments include, while other embodiments
do not include, certain features, elements and/or states.

[0108] The various features and processes described above may be used
independently of one another, or may be combined in various ways. All possible
combinations and subcombinations are intended to fall within the scope of this disclosure.
In addition, certain method or process blocks may be omitted in some implementations.
The methods and processes described herein are also not limited to any particular
sequence, and the blocks or states relating thereto can be performed in other sequences
that are appropriate. For example, described blocks or states may be performed in an order
other than that specifically disclosed, or multiple blocks or states may be combined in a
single block or state. The example blocks or states may be performed in serial, in parallel,
or in some other manner. Blocks or states may be added to or removed from the disclosed
example embodiments. The example systems and components described herein may be
configured differently than described. For example, elements may be added to, removed
from, or rearranged compared to the disclosed example embodiments.

[0109] The teachings of the embodiments provided herein can be applied to
other systems, not necessarily the systems described above. The elements and acts of the
various embodiments described above can be combined to provide further embodiments.

[0110] While certain embodiments have been described, these embodiments
have been presented by way of example only, and are not intended to limit the scope of
the disclosure. Indeed, the novel methods and systems described herein can be embodied
in a variety of other forms. Furthermore, various omissions, substitutions and changes in

the form of the methods and systems described herein can be made without departing
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from the spirit of the disclosure. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and spirit of

the disclosure.
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WHAT IS CLAIMED IS:

1. A method of making an electrical device comprising:

coupling a first frontside conductive layer to a front side of an integrated
circuit die, wherein the front side of the integrated circuit die includes one or more
frontside contacts;

forming one or more holes through the first frontside conductive layer at
one or more locations over the one or more frontside contacts;

applying a conductive material into the one or more holes through the first
frontside conductive layer to electrically couple the first frontside conductive layer
to the frontside contacts of the integrated circuit die;

forming a circuit pattern in the first frontside conductive layer;

forming one or more conductive raised portions on the frontside
conductive layer;

applying a second frontside conductive layer over the first frontside
conductive layer, with an insulating material between at least portions of the first
frontside conductive layer and the second frontside conductive layer;

forming one or more holes through the second frontside conductive layer at
one or more locations over the one or more conductive raised portions;

applying a conductive material into the one or more holes through the
second frontside conductive layer to electrically couple the second frontside
conductive layer to the one or more raised formations; and

forming a circuit pattern in the second frontside conductive layer.
2. The method of Claim 1, further comprising:

applying a backside conductive layer over the back side of the integrated
circuit die, wherein the backside conductive layer and the first frontside
conductive layer both extend laterally past an edge of the integrated circuit die,
and wherein an insulating spacer is next to the integrated circuit die and between
the first frontside conductive layer and the backside conductive layer;

forming one or more holes through the backside conductive layer, through
the spacer, and at least to the first frontside conductive layer; and

applying a conductive material into the one or more holes to electrically

couple the first frontside conductive layer to the backside conductive layer.
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3. The method of Claim 2, wherein applying the conductive material into the
one or more holes comprises forming one or more barrel plated vias.

4. The method of Claim 2, further comprising forming a circuit pattern in the
backside conductive layer.

5. The method of Claim 1, further comprising:

applying a first backside conductive layer over a back side of the integrated
circuit die, wherein the back side of the integrated circuit die includes one or more
backside contacts;

forming one or more holes through the first backside conductive layer at
one or more locations over the backside contacts;

applying a conductive material into the one or more holes through the first
backside conductive layer to electrically couple the first backside conductive layer
to the backside contacts of the integrated circuit die;

forming a circuit pattern in the first backside conductive layer;

forming one or more conductive backside raised portions on the backside
conductive layer;

applying a second backside conductive layer over the first backside
conductive layer, with an insulating material between at least portions of the first
backside conductive layer and the second backside conductive layer;

forming one or more holes through the second backside conductive layer at
one or more locations over the backside conductive raised portions;

applying a conductive material into the one or more holes through the
second backside conductive layer to electrically couple the second backside
conductive layer to the backside raised formations; and

forming a circuit pattern in the second backside conductive layer.

6. The method of Claim 5, wherein the second backside conductive layer and
the first frontside conductive layer both extend laterally past an edge of the integrated
circuit die, wherein an insulating spacer is next to the integrated circuit die and between
the first frontside conductive layer and the second backside conductive layer, and wherein
the method further comprises:

forming one or more holes through the second backside conductive layer,

through the spacer, and at least to the first frontside conductive layer; and
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applying a conductive material into the one or more holes to electrically
couple the first frontside conductive layer to the second backside conductive layer.

7. The method of Claim 5, wherein one or more frontside contacts on the
integrated circuit die are electrically accessible from a portion of the second frontside
conductive layer.

8. The method of Claim 5, wherein one or more frontside contacts on the
integrated circuit die are electrically accessible from a portion of the second backside
conductive layer.

9. The method of Claim 5, wherein one or more backside contacts on the
integrated circuit die are electrically accessible from a portion of the second frontside
conductive layer.

10. The method of Claim 5, wherein one or more backside contacts on the
integrated circuit die are electrically accessible from a portion of the second backside

conductive layer.

11. The method of Claim 5, wherein the spacer comprises a pre-preg.

12. The method of Claim 5, wherein the spacer comprises fill and flood
material.

13. The method of Claim 1, wherein the integrated circuit die includes a

redistribution layer.

14. The method of Claim 1, wherein the integrated circuit die includes a
passivation material.

15. The method of Claim 1, further comprising:

applying filler material to underfill between the integrated circuit die and
the first frontside conductive layer; and

applying additional filler material to flood the area around the integrated
circuit die.

16. The method of Claim 1, wherein forming the one or more holes through
the first frontside conductive layer and forming the circuit pattern in the front frontside
conductive layer are performed by the same etching pass.

17. The method of Claim 1, wherein forming the one or more holes through
the first frontside conductive layer and forming the circuit pattern in the front frontside
conductive layer are performed by different etching passes, wherein the method further

comprises cleaning the holes.
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18. The method of Claim 1, comprising processing a panel of electrical
devices and singulating the electrical device from the panel.

19. The method of Claim 1, further comprising coupling passive electrical
components on one side of the electrical device, wherein input or output contact pads are
disposed on another side of the electrical device.

20. The method of Claim 1, wherein the electrical device is a chip-embedded
power converter.

21. An electrical device made by the method of Claim 1.

22. An electrical device comprising:

a die that has electrical circuitry and one or more contacts on a first side for
sending or receiving signals to or from the electrical circuitry;

a first conductive layer over the first side of the die and electrically
coupled to the one or more contacts, wherein insulating gaps in the first
conductive layer provide a first circuit pattern;

one or more conductive standoffs over the first conductive layer and
electrically coupled to one or more portions of the first conductive layer;

a second conductive layer over the one or more conductive standoffs,
wherein one or more portions of the second conductive layer are electrically
coupled to the one or more conductive standoffs, and wherein insulating gaps in
the second conductive layer provide a second circuit pattern; and

insulating material between the first conductive layer and the second
conductive layer and next to the one or more conductive standoffs.

23. The electrical device of Claim 22, wherein the insulating material extends
into a portion of the area between the second conductive layer and the one or more
conductive standoffs.

24. The electrical device of Claim 22, comprising:

a portion of insulating material between the one or more conductive
standoffs and the second conductive layer; and

one or more openings through the portion of insulating material, wherein
the one or more openings include conductive material to electrically couple the
one or more conductive standoffs to the second conductive layer, wherein the one
or more standoffs have a first area, and wherein the one or more openings have a

second area that is smaller than the first area.
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25. The electrical device of Claim 22, wherein one of the conductive standoffs
has a first area, and wherein the conductive standoff is electrically coupled to the second
conductive layer at a second area that is smaller than the first area.

26. The electrical device of Claim 22, wherein the one or more conductive
standoffs are plated onto the first conductive layer.

27. The electrical device of Claim 22, comprising:

a third conductive layer over a second side of the die, wherein insulating
gaps in the third conductive layer provide a third circuit pattern, wherein the first
conductive layer and the third conductive layer both extend laterally past an edge
of the die;

an insulating spacer next to the die and between the first conductive layer
and the third conductive layer; and

one or more holes through the third conductive layer, through the spacer,
and at least to the first conductive layer, wherein the one or more holes include a
conductive material to electrically couple the first conductive layer and the third
conductive layer.

28. The electrical device of Claim 27, wherein at least one of the one or more
contacts on the first side of the die are electrically accessible from a portion of the third
conductive layer on the second side of the die.

29. The electrical device of Claim 22, comprising:

a third conductive layer over a second side of the die and electrically
coupled to one or more contacts on the second side of the die, wherein insulating
gaps in the third conductive layer provide a third circuit pattern;

one or more additional conductive standoffs over the third conductive layer
and electrically coupled to one or more portions of the third conductive layer;

a fourth conductive layer over the one or more additional conductive
standoffs, wherein one or more portions of the fourth conductive layer are
electrically coupled to the one or more additional conductive standoffs, and
wherein insulating gaps in the fourth conductive layer provide a fourth circuit
pattern; and

insulating material between the third conductive layer and the fourth
conductive layer and next to the one or more additional conductive standoffs.

30. The electrical device of Claim 29, comprising:
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an insulating spacer next to the die and between the first conductive layer
and the fourth conductive layer, wherein the first conductive layer and the fourth
conductive layer both extend laterally past an edge of the die;

one or more holes through the fourth conductive layer, through the spacer,
and at least to the first conductive layer, wherein the one or more holes include a
conductive material to electrically couple the first conductive layer and the fourth

conductive layer.
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